Abstract: Cell wall peptidoglycan, a mesh of polysaccharides crosslinked by short 16 peptides, encases the bacterial cell and protects it from turgor pressure lysis.
shape, elongation, division, and sporulation (SEDS) families (1-4).
34
The plasma membrane is a heterogeneous mixture of lipids and proteins. 
42
Our proteomics analysis indicated that MurG is present in the IMD while 43 sequentially-acting PBPs preferentially associate with the PM-CW (6). We also 44 observed in situ that the subpolar enrichment of MurG-RFP resembles that of the 45 validated IMD marker mCherry-GlfT2 or 8) but that nascent cell wall at 46 3 the mycobacterial poles primarily abuts rather than colocalizes with mCherry-GlfT2 (7).
47
These observations suggest that lipid II synthesis is biochemically and spatially 48 segregated from the subsequent steps of cell wall assembly (Fig. 1A) .
49
We expressed a functional MurG-Dendra2 fusion in Mycobacterium smegmatis 50 ( Fig. S1 ) and assayed its distribution in membrane fractions that had been separated by 51 density gradient (Fig. 1B) . The fusion to MurG, a peripheral membrane protein, was 52 enriched in both the cytoplasmic and IMD membrane fractions ( Fig. 1C; Fig. S2 ), 53 recapitulating the association predicted for the native protein (6). In intact cells, polar 54 enrichment of MurG-Dendra2 was coincident with that of mCherry-GlfT2 (Fig. 1D) . The 55 spatial relationship between the proteins was similar to that of MurG-RFP and GlfT2-56 GFP (8), suggesting that it is independent of the fluorescent protein tag.
57
The association of MurG with the IMD, but not with the PM-CW, implied that the 58 membrane domain is the site of lipid II synthesis. We refined an in vitro D-amino acid 59 exchange assay to detect lipid-linked peptidoglycan precursors from M. smegmatis 60 membrane fractions ( Fig. 2A; 9, 10) . In wildtype cells, we detected biotinylated 61 molecules in both the IMD and PM-CW ( Fig. 2B; Fig. S2 ). We hypothesized that the 62 labeled species comprised precursors in the inner leaflet of the plasma membrane as 63 well as lipid II that had been flipped to the outer leaflet. We, and others, have shown (Fig. S4) , confirming that this protein is present and 83 active specifically in the PM-CW (Fig. 2B) . We next expressed a functional PonA1-84 mRFP fusion in Mycobacterium smegmatis (13) and found that it was more evenly 85 distributed around the cell perimeter than MurG-Dendra2, and in a manner similar to the 86 functional PM-CW marker PimE-GFP (Fig. 2C, Fig. S5; 6) . Together, our data show that 87 MurG and PonA1 occupy spatially distinct compartments along the pathway of 88 peptidoglycan synthesis.
89
Based on our biochemical data, we hypothesized that lipid II incorporation into 90 the cell wall is laterally segregated from its synthesis. We previously showed that membrane that is covalently attached to the cell wall. We found that benzyl alcohol did 110 not alter labeling by NalkTMM or OalkTMM (Fig. S6) , which respectively incorporate into 111 the noncovalent and covalent mycolates of the mycomembrane (19). It did, however, 112 alter the distribution of FM4-64 (Fig. S7) , a dye used previously to label the plasma 113 membrane (20), and altered glycolipid abundance in the IMD (Fig. S8) . MurG-Dendra2 114 was also notably less enriched in the IMD following benzyl alcohol treatment (Fig. 1C) 115 6 and, in live cells, at the cell poles (Fig. 3A) . By contrast benzyl alcohol produced subtle 116 changes in the distribution of active PBPs (Fig. 2B) , although PonA1 shifted toward the 117 poles in live cells (Fig. 3A) . Disruption of plasma membrane organization by benzyl 118 alcohol was accompanied by delocalization of cell wall assembly within 5 min (Fig. S9) 
119
as well as an overall reduction in synthesis (Fig. 3B, Figs. S9 ) and halt in cell elongation 120 (Fig. S6) . The phenotypes were reversible: we recovered viable, peptidoglycan-121 synthesizing cells following benzyl alcohol washout (Figs. S10) . These data suggest 122 that membrane partitioning is an essential feature of both peptidoglycan synthesis and 123 cell growth in M. smegmatis.
124
We find that benzyl alcohol also inhibits cell wall assembly in B. subtilis (Fig. 3C) , 
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